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Abstract² The goal of this paper is to present a computer-

based system for analyzing thermal images in the detection of 

preclinical stages of peripheral neuropathy (PN) or diabetic foot. 

Today, vibration perception threshold (VPT) and sensory tests 

with a monofilament are used as simple, noninvasive methods for 

identifying patients who have lost sensation in their feet. These 

tests are qualitative and are ineffective in stratifying risk for PN 

in a diabetic patient. In our system a cold stimulus applied to the 

foot causes a thermoregulatory and corresponding microcircula-

tion response of the foot. A thermal video monitors the recovery 

of the microcirculation in the foot plantar. Thermal videos for 8 

age-matched subjects were analyzed. Six sites were tracked and 

an average thermal emittance calculated. Characteristics of the 

recovery curve were extracted using coefficients from an 

exponential curve fitting process and compared among subjects. 

The magnitude of the recovery was significantly different for the 

two classes of subjects. Our system shows evidence of differences 

between both groups, which could lead to a quantitative test to 

screen and diagnose peripheral neuropathy. 

Peripheral Neuropathy; Thermal Imaging; Diabetes. 

I.  INTRODUCTION  

According to the CDC, diabetes afflicts an estimated 171 
million people worldwide, including more than 24 million 
Americans [1]. Diabetic patients are at risk for a wide array 
of complications including heart disease, kidney disease 
(nephropathy), ocular diseases (diabetic retinopathy), and 
peripheral neuropathy (diabetic foot) [2]. It is estimated that 
50% of diabetics have some degree of neuropathy. Fifteen 
percent, or two million, of these will develop a foot ulcer 
during their lifetime [3]. Foot ulcers are the main cause 
(85%) of lower extremity amputation in patients with 
diabetes [4].  

Neuropathy causes the impairment of blood flow in the 
diabetic foot [5]. Patients with long-standing neuropathy will 
have poor thermoregulation and hence altered blood flow 
and cutaneous microcirculatory dysfunction [6]. 

Monofilament testing is a common, noninvasive method 
for identifying patients who have lost sensation in their feet. 
The Semmes-Weinstein nylon mono-filaments are used for 
light touch assessment.  A series of increasingly thick 
filaments are tested. The inability to feel the 10 gm filament 
indicates that patient is at risk for advanced stages of 
peripheral neuropathy, i.e. foot ulceration. Data in support of 
location of insensate sites for determining risk and prediction 

onset of peripheral neuropathy have been reported as 
subjective and lacking quantitative indication [7]. 

The objective of this research is to show that differences 
in the functional signals as measured by a thermal imaging 
device could reveal pre-clinical indications of peripheral 
neuropathy. In this paper we describe the protocol for 
preparing the subject by applying a cold pressor stimulus to 
the foot, the thermal imaging sequence for collecting the 
recovery signal, the frame-to-frame registration of the 
thermal video, the feature extraction of the recovery signal, 
and the results from performing this test on 8 subjects 
divided into three groups: Normal controls, patients with 
diabetes but no PN, and patients with PN.  

II. METHODOLOGY 

A. Medical Thermography 

Dynamic infrared thermometry studies have previously been 

performed in patients with hand-arm vibration syndrome 

(HAVS) [8]. Results of those studies showed significant 

differences between HAVS patients and controls in terms of 

baseline temperature, rewarming time and rate of recovery 

DIWHU�FROG�SURYRFDWLRQ�RI�SDWLHQWV¶�KDQGV��Although thermal 

imaging has been used previously for structural imaging of 

the diabetic foot [9], those studies have focused only on 

discovering a difference in absolute skin/tissue temperature 

differences and non-dynamic spatial variations. Our 

dynamic, functional imaging technique is different and 

avoids the short comings of static thermal measurements by 

applying a thermal stimulus which will produce a response 

LQ� WKH� FDSLOODU\� EHG�� 7KH� HIIHFW� RI� FRROLQJ� WKH� IRRW¶V�

capillaries to 10 to 15° C below the core body temperature 

of 37° C is easily detected with a thermal imaging device. 

Visually, one can see the changes in appearance due 

primarily to changes in blood flow, i.e. thermal auto-

regulation.  The time to recover back to its normal state is 

the signal that we are measuring to detect pre-clinical stages 

of peripheral neuropathy. 

B. Digital Functional imaging device 

The thermal functional imaging apparatus consists of a 

thermal imaging device, the FLIR Model SC 305 infrared 

camera, which acquires a thermal radiant emittance video 

from the scene or object. The FLIR imager operates in the 

7.5 to 13 µm region of the infrared spectrum. 
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